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Abstract 
The relay station (RS) is widely used in major wireless technologies such as WiMAX and long term evolution (LTE) 
which provides cost effective services to the operators and end users in order to provide guaranteed Quality of 
Service (QoS). The existing research in IEEE802.16m to cover a base station (BS) territory in rural areas using four 
RSs in order to provide the services to mobile users beyond the range of BS has proven to be a costly solution. In this 
paper, how to use the available spectral resources as efficiently as possible to minimize the delay and improve 
throughput for end users with high demanding applications such as voice and video with decreased deployment cost 
of RS has been investigated. A novel solution has been proposed for cost effective deployment of three RSs in 
IEEE802.16m using adaptive modulation and coding (AMC) scheme, cell sectoring and directional antenna. The 
simulation results show that enhanced performance can be achieved by using less number of RS in the same BS 
territory without compromising the QoS and throughput of the WiMAX2 Network. 
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1. Introduction 
Wireless communication has brought a great revolution in the modern communication world. There 
have been enormous research in future wireless devices, applications and technology such as WiMAX2 
and LTE advance. In the field of telecommunication, cable or wired broadband connections are very 
commonly used by internet users because they are affordable, fast and reliable. WiMAX has the potential 
to allow the broadband service providers to offer fast and reliable wireless broadband connectivity at low 
cost. However, In WiMAX2 or IEEE 802.16m, various new features are introduced, such as increased 
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VoIP capacity with low latency, handover and extension on mobility support to 350 km/h. To enhance the 
throughput and capacity, it uses single user and multi user MIMO, RS and femtocells to ensure 
guaranteed QoS (Quality of service) for the end users. Beside these standard features other techniques are 
also used to further enhance WiMAX2 capabilities such as multiple types of antennas, modulation and 
coding schemes to increase throughput and cell coverage. Although these techniques are very effective, 
there is still need for further progression and improvement. Relay Stations are very effective and widely 
used to increase the cell capacity and coverage area. In WiMAX, limitations like coverage holes, 
throughput and capacity enhancement are addressed with the use of RS. The RS is used as a cost effective 
solution to provide services to users outside the coverage of BS. WiMAX forum and IEEE are working 
together to use the WiMAX2 resources much effectively to cut down the costs while improving the QoS 
which eventually lead towards making the Internet more affordable for fixed and mobile users. The paper 
discusses cost issues associated with placement of number of relay stations in rural areas. The rest of the 
paper is structured as follows: the second section reviews related work, the design and methodology 
based on OPNET simulation is discussed in Section 3. In Section 4, results are described with detailed 
analysis before the paper is concluded in Section 5. 
 
2. Related Work 
There are different types of challenges in planning and optimizing RS in order to get better QoS with 
cost effective deployment [1] as cost has been a main factor for any type of technology. A cost effective 
deployment could provide better performance as well as saving the overall cost which can be beneficial 
for both operators and end users. Generally four RS cover the territory of the BS [2] in order to obtain 
guaranteed QoS for the users sitting beyond the range of BS. However, BS planning and placement is 
another major factor in wireless industry [1, 3, 4]. Generally a site can be divided into three parts 
consisting of backhauling, BS equipment and overall site infrastructure [5]. The backhauling is the 
connection of BS to the core network with point to point or leased line. The BS equipment can be 
antennas, material for tower height and infrastructure that could consist of number of equipments like 
back up power units. The RS does not have any connection with backhaul as it connects with nearest BS 
to enhance throughput, coverage and capacity. The position of the RS is also an important issue for 
placement in the area where signal to noise ratio (SNR) is high and link budget is good [6,8].  
The estimated costs of BS and RS are $120,000 and $40,000 respectively which are approximate costs 
from typical suppliers. Gordejuela-Sanchez et al [7] have proposed a model to minimize the installation 
cost of BS and RS but the model does not minimize path loss. To satisfy end users requirements and meet 
QoS, it is very important to determine some key issues like the overall load on the network and the types 
of applications e.g., video streaming, audio or data as the applications like online gaming or video 
streaming require high bandwidth as compared to voice and data applications, and also the placement of 
RS should be carefully examined with site location, placement methods and area zone where RS can 
provide higher throughput to subscriber stations (SSs). Bulbenkiene et al [6] have deployed RS with 
adaptive modulation and coding (AMC) by dividing coverage zones based on quadrature phase shift 
keying (QPSK), 16 quadrature amplitude modulation (16QAM) and 64 QAM modulation schemes. 
As far as the better performance, coverage, capacity and other major advantages of RS are concerned, 
some critical aspects of RS cannot be ignored. For example, to provide services in coverage holes area 
where more than one RS are deployed can cause interference and the deployment of more RSs also 
increases the cost as compared to the deployment of BS [4,9]. In [4] the cost of BS and RS in order to 
achieve the guaranteed QoS, enhanced throughput, and minimum delay and packet loss has been 
analyzed. The location or placement of RS is another problem as the network operators will always like to 
have cost effective solutions to provide satisfactory services. To extend the coverage of cell, RSs at the 
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cell edges are mainly used for coverage extension as well as providing better SNR and throughput. In [10] 
authors show that RS can provide an improved coverage area and spectral efficiency whereas in [11] 
results for the coverage extension and capacity enhancement of RS in a realistic scenario are presented. In 
[12] an algorithm of coverage angle and coverage range to establish the relation between the coverage 
extensions with RS is discussed. The purpose of RS can be achieved when BS to RS link is strong, 
however it also depends on whether the RS is at fixed location or mobile relays are used.  Dahmouni et al 
[13] present an analysis of coverage extension with mobile relays being used on top of any moving object 
like train or bus to provide services for the users accessing within the range. The deployment cost can be 
reduced by using a smaller number of RSs. 
Some of previous works have been reviewed above. The next section describes our proposed 
methodology in which 3 RSs have been placed at QPSK with the coding rate of ¾ instead of ½.  
3. Design Methodology 
 
We have proposed a novel design for efficient deployment of RS in IEEE802.16m for cost effective 
performance. Usually 4 RSs are used to cover the territory of BS, but in this study we have used 3 RSs 
based on AMC scheme that covers the same cell territory and save overall deployment cost and other 
expenditures without compromising the QoS and throughput. The area covered by BS is based on AMC 
where the inner cell which is closer to BS is a designated area for 64QAM, middle of the cell is for 
16QAM and the cell edge covering the inside and boundary area is called QPSK zone (Figure 1a).  
OPNET modeler 16.0 has been used to deploy the topology in Figure 1(b) where three cells are used and 
each cell is divided into three sectors. In the antenna pattern editor, the antenna is edited and set to 
different values e.g., gain, directionality and path loss. The main beam width of the directional antenna 
covers the sector while the side lobes cover the remaining area of the sector. Directional antenna also 
provides less interference, higher gain, less path loss and higher adaptive modulation coding. The other 
parameters for the simulation are set to non-transparent relay station placement at inside boundary area of 
cell using adaptive modulation and coding based on the QPSK with coding rate of ¾ instead of ½ as the 
SNR and data rate with coding rate ¾ is higher than QPSK with coding rate ½. The service class is set to 
gold instead of bronze and silver on uplink and downlink classifier which is efficient than the other 
classes.  
 
 
 
 
 
 
 
 
 
 
 
               
 
Fig. 1. (a) BS Territory with AMC zone           Fig. 1. (b) Three sectors in each cell 
 
The main purpose in the dimensioning of the cell size is to ensure that all the SSs in a cell and out of 
the cell are able to send and receive request for bandwidth allocation from and through BS and RS 
respectively. 
QPSK1/2
QPSK3/4
16QAM2/3
16QAM3/4
64QAM
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4. Performance Evaluation and Results Comparison 
Simulation results reveal that the 25% of cost can be reduced by deploying three RSs to cover the 
territory of BS without compromising QoS. However it also depends on the operators what types of 
services they would like to offer to end users as some users prefer to have a better network connectivity 
(strong signal) while others prefer higher data rates. The proposed scenario is based on rural area where 
non transparent RSs are used to extend the coverage for remote sites. The deployment of BS in this type 
of scenarios for better coverage could be very costly. It is important to note that using 4 RSs can provide 
better connectivity but the cost will also be increased. In the proposed solution, three RSs have been used 
to cover the territory of BS, providing similar coverage, capacity and throughput with QoS being also 
maintained. BS has extra functionalities and is connected through backhaul the cost of one BS is approx. 
$120,000 which is almost three times more than the cost of a single RS which is approx. $40,000, 
whereas RS works as repeaters to get the signal from BS and provide coverage and capacity to the users 
which are out of the range or cannot communicate directly with of BS. The cost comparison is provided 
in Table 1. 
Table 1. Deployment cost comparison between 4 relay stations and 3 relay stations 
Value Cost with 4 RS Cost with 3 RS 
BS $360,000 $360,000 
RS $160,000 $120,000 
Site Preparation and Coding 
Back Hauling Connection 
Maintenance Cost/Year 
Additional Installation Cost 
Total 
$50,000 
$30,000 
$9,200 
$5,000 
$614,400 
$38,000  
$30,000  
$8,000 
$4,000 
$560,000 
It can be seen that using the proposed model an overall cost of $54,400 could be saved, whereas 
additional costs such as site lease, additional tower, software/hardware upgrade and connectivity could 
also be saved. The proposed model with three cells and three relay stations has been designed to cover the 
territory of BS in urban rural area. As mention in [6], normally four RSs are used to cover the territory of 
BS in urban environment, to cover the area which is beyond the range of BS. 
4.1. Throughput Using Directional Antenna 
The directional antenna beam can be useful for throughput enhancement and link budget as it directs 
its main lobe towards one direction and small side lobes to other directions to cover the cell area. The 
average throughput with omni and directional antennas are shown in Figure 2 (a). The graph results show 
a minute difference between two scenarios but the actual number of bits sent using a directional antenna 
is high, providing the higher gain and throughput. The achieved average throughput also depends on the 
overall load on network, antenna height, antenna direction, beam width, BS and RS link quality and 
propagation model used. 
4.2. Throughput with Deployment of 4 Relay Stations and 3Relay Stations 
Using 4 relay stations obviously provide higher throughput as compared with using 3 relays, however 
the purpose of saving the cost is achieved when 3 RSs are used.  The approximate throughput difference 
is 5kb/sec which we believe can be compromised to save the overall cost. The available throughput 
996   Naveed Ahmed et al. /  Procedia Computer Science  10 ( 2012 )  992 – 997 
showing for four RSs in Figure 2 (b) starts increasing after two minutes and reaches a peak value of 
1,000,000 bits per seconds at approx.  270 seconds. Since directional antennas with cell sectorization 
using adaption modulation with coding rate of ¾ are used, better performance is achieved. The simulation 
results show that there is a compromisable trade off between cost and throughput.  It is up to the operator 
to decide which services to offer to users on remote locations based on the existing network 
infrastructure. 
 
 
 
 
 
 
 
 
 
 
 
       
   Fig. 2. (a) Average Throughput using Directional and             (b) Average Throughput Using 4 Relay Station   
                           Omni Directional Antenna;    and 3Relay Station 
4.3. Loads with 4 Relay Stations and 3 Relay Stations 
The load with three relay stations is high as compared to four relay stations (Figure 3a), because 
resource allocation, initial ranging process and data transmission with three relay stations contribute to the 
increased load on a RS. Since RSs have been efficiently deployed at QPSK with the coding rate of ¾, the 
average difference in load between using three and four relay stations remains less than 9Kbps. 
Directional antennas could also provide better coverage with stronger signal strength towards relay station 
and also improved link quality, which helps utilize the resources efficiently in order reduce load with 
maintained level of QoS. 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 3. (a) Average Loads Using 4 and 3 Relay Stations          Fig. 3. (b) Average Delays Using 4 and 3 Relay Stations 
4.4. Delay with 4 Relay Stations and 3 Relay Stations 
The main reason of increased delay using 3 relay stations is due to the waiting of packets in the 
outgoing buffer of SS to get access for sending bandwidth request. The average delay with 3 RSs is 
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higher than with 4 RSs but due to type of transmission medium used, traffic type e.g., voice video or data 
and distance of end nodes from BS and from RS all contribute in the delay. There could be other types of 
delay that are always associated with the wireless nature of WiMAX2 such as propagation delay, 
transmission delay and processing delay, etc. In the proposed model the transmission delay has been 
reduced using QPSK with the coding rate of ¾ and the propagation delay has been reduced by using 
directional antenna where the main beam targets the RS providing strong link between BS and RS. Figure 
3 (b) shows the average delays using 4 and 3 relay stations, with the average difference being seen as 
.07s. The increased delay when 3 RSs are used is largely due to the increased load on the 3 relay stations. 
5. Conclusion 
IEEE802.16m or WiMAX2 is the 4th generation mobile and internet communication technology which 
offers better throughput and smaller delay for VoIP users with high expectation on speed. In this paper we 
have proposed a novel model for efficient deployment of relay stations in IEEE802.16m for cost effective 
performance. Three cells have been used, each being divided into three sectors. We have efficiently 
placed 3 relay stations instead of 4 to cover the cell territory of a base station. Adaptive modulation and 
coding scheme based on QPSK with the coding rate of ¾ and directional antennas are used to simulate the 
topology in OPNET. The simulation results have shown that a similar level of throughput has been 
achieved using 3 relay stations, and an estimated cost of $54,400 approx. could be saved without 
compromising QoS. 
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